Amygdala structural and functional abnormalities have been associated to reactive aggression in previous studies. However, the possible linkage of these two types of anomalies has not been examined. We hypothesized that they would coincide in the same localizations, would be correlated in intensity and would be mediated by reactive aggression personality traits. Here violent (n ¼ 25) and non-violent (n ¼ 29) men were recruited on the basis of their reactive aggression. Callous-unemotional (CU) traits were also assessed. Gray matter concentration (gmC) and reactivity to fearful and neutral facial expressions were measured in dorsal and ventral amygdala partitions. The difference between responses to fearful and neutral facial expressions was calculated (F/N-difference). Violent individuals exhibited a smaller F/N-difference and gmC in the left dorsal amygdala, where a significant coincidence was found in a conjunction analysis. Moreover, the left amygdala F/N-difference and gmC were correlated to each other, an effect mediated by reactive aggression but not by CU. The F/N-difference was caused by increased reactivity to neutral faces. This suggests that anatomical anomalies within local circuitry (and not only altered input) may underlie the amygdala hyper-reactivity to social signals which is characteristic of reactive aggression.
INTRODUCTION
The amygdala is part of the neural circuitry underlying emotion and social interactions (Davidson and Irwin, 1999; Davis and Whalen, 2001 ). In particular, it is implicated in launching and expressing aggressive behaviors (Blair et al., 2006 , Coccaro et al., 2011 . Concordantly, the amygdala plays an important role in several neurobiological models of violence, such as the 'violence inhibition mechanism' (Blair, 1995) , the integrated emotion systems model (Blair, 2005) and the paralimbic system dysfunction model of psychopathy (Kiehl, 2006) . Therefore, amygdala dysfunction has been a prime suspect when searching for neural correlates of personality traits leading to increased risk for aggression. These traits include anger, hostility and the callousunemotional (CU) facet of psychopathy. Amygdala function has been examined with neuroimaging in forensic or psychiatric populations in which these traits are expressed within personality disorders, and it has also been linked to the more moderate variability of these traits present within the general population (Dolan, 2010; Koenigs et al., 2011; Anderson and Kiehl, 2012) . Much of this work has used the fact that amygdala responses are typically larger for fearful and angry faces than for neutral faces (Morris et al., 1996; Adolphs, 2002; Yang et al., 2002; LaBar et al., 2003) .These negative facial expressions can signal potential threats and thus help trigger aggressive behaviors (Coccaro et al., 2011) .
Two (opposed) anomalies in amygdala function have been reported, each apparently related to a different cluster of personality traits (Coccaro, et al., 2011; Blair, 2012) . The reactivity of the amygala to negatively valenced stimuli (including angry or fearful faces) is increased in psychiatric syndromes with elevated risk for reactive aggression (Blair, 2012) , including intermittent explosive disorder (IED) (Coccaro et al., 2007) , borderline personality disorder (Herpertz et al., 2001; Minzenberg et al., 2007; Silbersweig et al., 2007) and children with conduct problems (Sterzer et al., 2005) . Trait anger is a reliable predictor of reactive aggression (Bettencourt et al., 2006) . Congruently, amygdala reactivity is positively correlated with trait anger in normal individuals (Carlson et al., 2010; Carre et al., 2012) . In chronically violent subjects, the amygdala hyper-reactivity extends to neutral faces (Pardini and Phillips, 2010) , which highly aggressive individuals tend to perceive as negatively valence (Best et al., 2002) . In contrast, individuals with the CU facet of psychopathy present an amygdala hypo-reactivity to faces with negative expressions or to pictures/ words with negative emotional content. This has been found in both incarcerated and community-living psychopathic subjects (Kiehl et al., 2001; Muller et al., 2003; Birbaumer et al., 2005) , children with conduct disorders (Marsh et al., 2008; Jones et al., 2009) and psychiatric patients (Dolan and Fullam, 2009) , in all of which the CU facet of psychopathy was ascertained with validated instruments like the Psychopathy Checklist-Revised (PCL-R, Hare, 1991) . Therefore the reviewed literature supports a dichotomy: increased reactive aggression associated with a hyper-reactive amygdala and CU traits associated with a hypo-reactive amygdala.
Nevertheless, this hypothesis requires further examination. First, it is important to confirm the specificity of the two proposed trait-dysfunction associations. This is difficult since reactive aggression and CU traits are positively correlated in most forensic samples (Porter and Woodworth, 2006) . Individuals scoring high on the CU traits also present increased risk for reactive aggression as well as increased impulsivity and antisocial behavior (Frick et al., 2003) . Moreover, the psychiatric conditions with altered emotional processing usually present high co-occurrence with other mental disorders (including alcohol and drug abuse), which could themselves influence amygdala function. One way to deal with these problems, which we adopt here, is to measure both reactive aggression and CU traits in a sample of individuals selected from the community and to examine the relationship of each trait with amygdala function when the other is controlled for.
A second issue to address relates to the sources of the purported amygdala dysfunctions. Anomalous amygdala reactivity can spring from very different causes. Just to mention some possibilities, it could arise from deficient processing in other brain areas that provide input to the amygdala, abnormal anatomical connectivity to the amygdala and local damage to the amygdala circuitry itself (Blair, 2010; Anderson and Kiehl, 2012) . The last option would gain credence if the dysfunction could be linked to local anatomical changes in the amygdala. Many studies (revised in Yang et al., 2008; Wahlund and Kristiansson, 2009; Dolan, 2010; Koenigs et al., 2011) have examined amygdala morphology in relation to different types of aggressive behaviors. Morphometric analysis of brain regions has revealed reduced volumes or gray matter concentration (gmC) of the amygdala in psychopathic adults (Yang et al., 2009 (Yang et al., , 2010 Boccardi et al., 2011; Ermer et al., 2011) and adolescent with conduct problems (Sterzer et al., 2007) . Deformations of the amygdala shape and inter-hemispheric asymmetries have also been described (Yang et al., 2009; Ermer et al., 2011) . However, the association of amygdala structural characteristics with the CU trait is not clear, with some studies describing anomalies (Yang et al., 2009 (Yang et al., , 2010 Boccardi et al., 2011; Ermer et al., 2011) and others failing to find them (de Oliveira-Souza et al., 2008; Muller et al., 2008; De Brito et al., 2009 ).
Several studies have described associations between morphology and measures of aggressive behavior. In particular, a negative association between amygdala volume or gmC and reactive aggression has been found in most studies where these variables have been tested (Sterzer et al., 2007; Reuter et al., 2009; Matthies et al., 2012) . Although structural anomalies in other brain areas have also been associated with violent behavior (Laakso et al., 2001 (Laakso et al., , 2002 de Oliveira-Souza et al., 2008; Muller et al., 2008; Tiihonen et al., 2008; De Brito et al., 2009 ), here we focus on the amygdala. Note that despite many studies of brain function and structure in aggressive individuals, the relationship between anomalies in these two domains has not been evaluated. What is needed is a direct (within-voxel) comparison of functional and structural amygdala anomalies in subjects with personality traits predisposing to aggression and violence. Any such study should take into account the structural and functional heterogeneity of the amygdala (Davis and Whalen, 2001 ).
Here we study the possible linkage of structural and functional amygdala anomalies associated to reactive aggression in a combined functional magnetic resonance imaging (fMRI) and voxel based morphometry (VBM) performed in the same individuals. We recruited men living within their communities in Mexico City and created a violent and a non-violent control group according to their level of reactive aggression. The presence of the CU traits was also assessed in the two groups. The blood oxygen level dependent (BOLD) response amplitudes to fearful and neutral faces and their differencehereafter dubbed fear/neutral response difference (F/N-difference)as well as local gmC were measured in predefined inclusive amygdala regions of interest (ROIs). As a first step in addressing the heterogeneity of this area, ventral and dorsal amygdala ROIs were also defined following previous work (Carre et al., 2012; Lerner et al., 2012) . We hypothesized that F/N-difference and gmC would differ between groups and would be selectively and negatively correlated with reactive aggression traits independently from the CU trait. Furthermore, we expected that F/N-difference and gmC would colocalize to the same voxels in the amygdala and would be positively correlated. Finally, we postulated that the relationship between F/N-difference and gmC would be mediated by reactive aggression, so that this association would disappear when reactive aggression was controlled for.
METHODS

Participants
A total of 230 male subjects from a community sample completed a screening questionnaire, the Spanish version of the Reactive and Proactive Aggression Questionnaire (RPQ) (Raine et al., 2006; Andreu et al., 2009) . The 109 (47.4%) subjects with scores above eight points in the reactive aggression subscale were classified as violent, whereas the other 121 subjects (52.6%) were classified as non-violent (cutoff adjusted for Mexican population, Ostrosky et al., 2010) . From the total sample of 230 male 60 volunteers were selected in order to obtain two samples matched in age, cultural level and socioeconomic status, excluding those subjects that refused to participate in research and those excluded for other reasons (ie, non availability for examination, inability to see small objects without the aid of spectacles, claustrophobia, pacemaker and metal implants and some chronic disease, etc). The final samples consisted of 60 subdivided into a violent (n ¼ 30) and non-violent group (n ¼ 30). Additional behavioral assessments included a neuropsychological evaluation using the Neuropsy battery (Ostrosky-Solís et al., 2007) , and Spanish versions of Buss-Durkee Hostility Inventory (BDHI) (Buss and Durkee, 1957; Oquendo et al., 2001 ), Plutchik Impulsivity Scale (PIS) (Plutchik and Van, 1989; Páez et al., 1996) , Novaco Anger Scale (NAS)-reactions to provocation (RP) (Novaco, 1994 ), Levenson Self-reported Psychopathy scale (LPSP) primary and secondary facets (Levenson et al., 1995) and the PCL-R Factor 1 (F1 emotional detachment) and Factor 2 (F2 antisocial behavior, Hare, 2003) . Note that the BDHI was used as an independent measure of reactive aggression and anger, which permitted eschewing the reactive-RPQ (used to define the samples) as a dependent variable. The PCL-R/F1, proactive-RPQ and the secondary LPSP were used as different indexes of the UC trait. Because of movement artifacts, one non-violent and five violent participants were excluded from MRI analysis. All subjects provided written informed consent for this study and were guaranteed confidentiality of the information they provided. Subjects with a history of neurological conditions, mental retardation, psychotic symptoms, or drug abuse were also excluded from this study. The study was approved by Ethics Committees of the participant institutions.
Image acquisition A 1.5 T system (Signa, GE Medical Systems, Milwaukee, WI, USA) was used to acquire the images. BOLD-contrast-weighted echoplanar (EPI) images for functional scans consisted of 21, interleaved, axial slices of 5-mm thickness that covered the whole brain. In-plane resolution was 4 Â 4 mm, with the following parameters: field of view (FOV) ¼ 256 Â 256 mm; matrix ¼ 64 Â 64; echo time (TE) ¼ 60 ms; TR ¼ 2 s with no time gap; flip angle ¼ 908. Subsequently, a MPRAGE T1-weighted structural image (1 Â 1 Â 1 mm resolution) was acquired with the following parameters: echo time (TE) ¼ 3930 ms, repetition time (TR) ¼ 3000 ms, flip angle ¼ 158 and FOV ¼ 256 Â 256 Â 160 mm 3 . This yielded 160 contiguous 1-mm thick slices in a sagittal orientation.
fMRI procedure Stimuli Face pictures were taken from the Pictures of Facial Affect series (Ekman and Friesen, 1976) and included neutral and fear expressions from 10 different individuals (five males and five females). Twenty neutral and 20 fearful faces were randomly arranged in an event-related design and were presented for 1000 ms, with random inter-stimulus intervals varying between 4000 and 6000 ms. This set was repeated in two runs, each time in a different order, separated by 1-min breaks. Participants were asked to discriminate between neutral and fearful faces and their response was used as an online attention control.
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FUNCTIONAL DATA ANALYSIS Functional data were analyzed using SPM5 and related toolboxes (Wellcome Department of Imaging Neuroscience http://www.fil.ion .ucl.ac.uk/spm). After preprocessing, a first-level analysis was performed on each subject using the general linear model. See details in Supplementary Data. A t-statistic was obtained at each voxel for the contrast fearful > neutral faces. Consistent effects across subjects were tested employing the SPM5 random effects model, in which images for the contrast fearful > neutral (F/N-difference) for all the subjects in each particular group were included. For the group comparison, we tested the hypothesis that the contrast value F/N-difference was greater in non-violent controls than in violent subjects using a voxelwise twosample, one-tailed t-test. The threshold for voxel activations was set at P < 0.005 (uncorrected). Additionally, we applied a small volume correction in a priori ROIs using the toolbox within SPM (Worsley et al., 1996) , and significance of the contrast was estimated with random field theory (pFWE) and cluster level (cluster level corr.).
VBM analysis
The VBM used the optimized procedure included in SPM5 applied to the T1 images. Each participant's T1 scan was inhomogeneity bias corrected, spatially normalized to MNI-space and segmented into gray matter, white matter and cerebrospinal fluid, using the unified procedure in SPM5 (Ashburner and Friston, 2005) . The segmented/ normalized gray tissues were smoothed with an 8-mm (FWHM) isotropic Gaussian kernel. A voxelwise one-tailed t-test was performed searching for lower gmCs in the violent relative to the non-violent control group. A significance level of P < 0.005 (uncorrected) was selected.
The spatial co-localization of gmC and F/N-difference anomalies were examined in a conjunction analysis. This approach tests the conjunction null hypothesis that the k studied maps (k ¼ 2: VBM and fMRI) show real effects at the same time. The suitable P-value for this hypothesis test is the maximum of the k P-values and the significance level is reduced to the more stringent level of k (Friston et al., 1999) . The EPI images were resliced to the resolution of the T1 images.
ROIS ANALYSIS
Since we had specific a priori hypotheses about discrete ROIs, the left and right amygdala were defined anatomically with the corresponding compartment from the AAL atlas (Tzourio-Mazoyer et al., 2002) . See Supplementary Methods for the definition of dorsal and ventral partitions.
Functional and structural measures were extracted from these ROIs by averaging either the values of the gmC or the values of the fear > neutral contrast (F/N-difference) across the voxels in each ROI. Differences in both ROI measurements between the violent and the non-violent groups were tested in an analysis of variance (ANOVA) using ageand global gMCs (GGM) for gmCas nuisance continuous predictors. Additional analysis also included the reactive aggression and CU scores as continuous predictors. Finally, the mean beta values for neutral and fearful faces in the ROIs were entered separately into an ANOVA with GROUP as a between-subject factor and EXPRESSION (neutral vs fearful) and SIDE (left vs right) as within-subject factors.
The inter-relationship between gmC and F/N-difference in the amygdala ROIs was examined in a multiple regression analysis, controlling for the effects of age and the GGM. The same analysis was repeated with the anger/hostility and psychopathy scales as additional predictors in order to perform a mediation analysis (Sobel, 1982) . We also examined the two-sided associations between gmC and F/N-difference each with the behavioral scales scores.
RESULTS
All subjects discriminated the neutral and fearful expressions with >96% accuracy.
The between-group comparisons on the psychological scales are presented in Table 1 . Age and neuropsychological performance did not differ between groups; although the violent group had slightly less years of education than controls, this variable was not associated with the imaging measures and will not be further considered. As intended, the violent group presented more reactive aggression on the RPQ scale (which was confirmed with the aggression subscales of the BDHI to avoid circularity), as well as presenting significantly larger scores on anger, hostility, impulsivity and proactive aggression. The violent group also had higher total psychopathy (LPSP and PCL-R) scores, which was true also for the subscales comprising these instruments. However, group differences were dominated by the antisocial facet in both scales (Supplementary Data). Scores on the reactive-RPQ and total PCL-R were strongly correlated (r ¼ 0.54, P < 0.0002).
fMRI See Supplementary Data for within-group results. The F/N-difference was reduced in the violent group. Locations that exhibited significant between-group differences in the voxelwise analysis are shown in Figure 1A . In violent men, a significant reduction of the F/N-difference was present in the left dorsal amygdala (maxima at xyz ¼ À24 0 À12). Significant between-group differences were also found in orbitofrontal cortex (OFC) bilaterally, in the right superior temporal and in the left precuneus, lingual and precentral areas ( Table 2) . The small volume analysis with the amygdala ROI evinced a significant group difference for the local maxima on the left side (t ¼ 2.89, pFWE-corr. < 0.022, P-cluster level corr. < 0.047). No voxel was significant in this analysis on the right side.
ROI-based analysis evinced a significant decrease of F/N-difference in both hemispheres for the violent group ( Figure 1B) . The main effects of group [F(1,51) ¼ 4.24, P < 0.04] and side [F(1,51) ¼ 5.43, (Cohen, 1988) was found for this contrast. The results of an ANOVA including partition as a factor revealed that it had a significant effect [F(1,51) ¼ 6.99, P < 0.01]. Planned comparisons showed significant differences only in the dorsal partition in the left amygdala [F(1,51) ¼ 4.47, P < 0.039], while in the right side no significant difference was found in any partition (see Supplementary Figure) . The ANOVA on the ROI beta values ( Figure 1C ) was used to identify the source of the reduced F/N-difference in the violent subjects. A significant interaction was found between expression and group [F(1,51) ¼ 5.38, P < 0.02] in the absence of significant main effects. The main effect of expression was not significant, probably due to opposite trends in the two groups (response to fear larger in controls, but slightly larger to neutral in the violent group). Planned comparisons showed that the interaction between expression and group was present only on the left side [F(1,51) ¼ 4.37, P < 0.04], where the violent group presented an elevated response for neutral faces relative to the controls [F(1,51) ¼ 4.87, P < 0.03], and a small but non-significant increase in the response to fearful faces [F(1,51) ¼ 2.32, ns]. Thus, the reduced F/N-difference basically resulted from an enhanced response in the violent group to neutral faces on the left side. The effect size for the latter contrast was strong (Cohen's d ¼ 0.72).
The BDHI and NAS scales were negatively correlated with mean F/N-difference in both amygdala ROIs (Table 3 ) and positively correlated with the mean beta values for neutral faces (Supplementary Data) albeit at lower significance levels. Also, secondary-LPSP and RP were negatively correlated with F/N-difference in the left amygdala.
Proactive-RPQ, F1 from PCL-R and primary LPSP, the scales that index the CU facet of psychopathy, were not correlated with F/N-difference. Figure 2A shows regions that exhibited decreased gmC in violent respect to non-violent subjects in the voxelwise analysis, which included local maxima in both amygdala (Table 4 ). The maxima in the left 
Morphometry
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(xyz ¼ À26 À2 À12)but not in the rightanatomical amygdala ROI was significant in the small volume analysis (t ¼ 2.65, pFWE-corr. < 0.05, P-cluster level corr. < 0.005). The mean gmC in the amygdala ROIs was lower in violent than in the non-violent subjects ( Figure 2B ). The results of the ANOVA on the inclusive amygdala ROIs revealed a significant main effects of group [F(1,50) ¼ 11.6, P < 0.0039] and GGM [F(1,50) ¼ 43.4, P < 0.00001], but age was not significant. Planned comparisons showed significant differences in the left [F(1,50) ¼ 4.45, P < 0.039] and the right [F(1,50) ¼ 8.7, P < 0.004] hemispheres. The effects sizes for these contrasts were respectively moderate and strong (left: Cohen's d ¼ 0.6; right: d ¼ 0.76). On the left side we found (using 2 ) that that the between-group differences explained about 15.7% of the variability in gray matter density, after controlling for age and brain size.
When the analysis was performed including amygdala partition as a factor, significant main effects of group [F(1,50) ¼ 9.1, P < 0.0039], partition [F(1,50) ¼ 181.7, P < 0.00001] and GGM [F(1,50) ¼ 43.5, P < 0.00001], but not age, were found. Planned comparisons showed significant differences in the left dorsal amygdala [F(1,50) ¼ 8.6, P < 0.004] and in both dorsal [F(1,50) ¼ 5.7, P < 0.02] and ventral [F(1,50) ¼ 6.47, P < 0.014] partitions on the right side.
Both amygdala gmC were negatively correlated with BDHI, but only on the left side this effect was significant (Table 3) . With the exception of proactive-RPQ, the other scales (including those indexing the unemotional-callous facet of psychopathy: F1 from PCL-R, primary- LPSP) were not correlated with gmC. Only the proactive-RPQ was negatively correlated with gmC (significantly only in the right), but controlling the contribution of the BDHI render this effect no significant. In contrast, the correlation of BDHI and gmC in the left amygdala was remained significant when the effect of the proactive-RPQ was controlled for [partial r ¼ À0.31, t(44) ¼ À2.11, P < 0.041].
Co-localization of structural and functional damage
The coincidence of areas with both decreased F/N-difference and decreased gmC was examined by plotting together the results of fMRI and VBM group comparisons ( Figure 3A ). An area in the left amygdala showed significant differences in both tests. The conjunction analysis ( Figure 3B ) only evinced one cluster with a significant coincidence (peak voxel P < 0.006). It comprised 116 voxels and was centered at xyz ¼ À26 À3 À11, which is within the left dorsal amygdala compartment.
We also examined the association between F/N-difference and gmC across subjects within both amygdale ROIs in a multiple regression analysis, while controlling the effect of age and GGM. In line with our original hypothesis, a significant positive association was found in the left amygdala [r ¼ 0.38, t(50) ¼ 2.03, P < 0.04]. However, this was not so for the right amygdala (r ¼ À0.16, t(50) ¼ À0.89, P ¼ 0.38]. The scatter plots for F/N-difference and gmC (after correcting for age and GGM) are plotted in Figure 4A .
The relationship between gmC and F/N-difference was re-evaluated controlling the effects of psychometric scores (together with age and GGM), but excluding the reactive-RPQ to avoid circularity since it was used to define the samples. The association between gmC and F/N-difference was not significant when the effects of either BDHI or the secondary LPSP were controlled. The association between gmC and F/N-difference remained significant when the effects of primary LPSP, PCL-R (and subscales), PIS, NAS, RP were successively controlled for. Mediation analysis (Sobel, 1982) evinced that the association between F/N-difference and gmC was mediated by the BDHI scores (z ¼ 2.01 P < 0.045), but not by any of the other scales ( Figure 4B ) DISCUSSION Our two groups were chosen to differ on the RPQ reactive aggression scale. The violent group also scored higher than controls subjects on independent measures of aggression and trait anger. Although none of the violent subjects reached the PCL-R cutoff for psychopathy, they scored higher than controls on CU traits. The violent group had smaller F/N-difference than controls in the left dorsal amygdala, which was due to a greater increase in reactivity to neutral than to fearful faces. The violent group also had lower gmC in the dorsal bilateral amygdala and in the right ventral amygdala. Both gmC and F/N-difference were negatively correlated with measures of reactive aggression traits in the left amygdala, but not with measures of CU traits. A significant within-voxel coincidence of F/N-difference and gmC anomalies was found in small subregion within the left dorsal amygdala. Interestingly, F/N-difference was positively correlated with gmC in the left amygdala, an association mediated by reactive aggression but not by the CU traits.
The F/N-difference was smaller for our violent subjects than for the controls in the left amygdala. At first glance this seems analogous to findings in previous studies that have described similar reductions in F/N-difference in aggressive subjects with CU traits (Marsh et al., 2008; Dolan and Fullam, 2009; Jones et al., 2009) . Negative correlations of F/N-difference with CU traits (Dolan and Fullam, 2009 ) have also been reported. However, the F/N-difference can be smaller because of a reduced response to fear or an enhanced response to neutral faces, or both. In our case, the F/N-difference decreased in the violent subjects because of a larger reactivity to neutral faces together with a less marked (and non-significant) decrease in the responses to fearful faces. Unfortunately, studies of subjects with CU traits have only reported the F/N-difference (perhaps over confidently described as a fear response) without isolating the reactivity to different facial expressions. Given the emotional deficit typical of psychopathy, reduced amygdala reactivity to both neutral and negative facial expressions should be expected (respect to a low-level baseline), but this requires explicit testing.
In the few studies of reactive aggressive individuals that have measured amygdala reactivity to each facial expression separately, there is only partial agreement with our results. In contrast to our findings, Aggression and amygdale anomalies SCAN (2013) larger responses to angry or fearful faces (Coccaro et al., 2007; Minzenberg et al., 2007) , as well as to negative pictures (Sterzer et al., 2005) or words (ia-Klein et al., 2009), have been described in high reactive aggressive subjects. On the other hand, a trend for larger reactivity to neutral faces was described in one study (Coccaro et al., 2007) and is evident in figure of another (Minzenberg et al., 2007) . In a study (Pardini and Phillips, 2010) very similar to ours, chronically violent subjects exhibited increased left amygdala responses to neutral faces (in the context of happy faces), but not to negatively valenced expressions, an effect independent from CU traits. Elevated amygdala responses to neutral but not angry faces have also been described in adolescents with early-onset conduct disorders (Passamonti et al., 2010) , and amygdala hyper-reactivity to neutral faces has been described in pediatric bipolar disorder (Hall et al., 2008) and schizophrenia (Rich et al., 2006) . Furthermore, trait anger in healthy subjects is positively correlated with left amygdala responses to angry, although not to fearful, faces (Carre et al., 2012) . It is not clear why reactive aggressive subjects in some studies exhibit increased amygdala reactivity to only neutral faces, and also increased reactivity to negative expressions in others. This may be due to differences in the face stimuli, task or subject characteristics. In line with previous reports (Passamonti et al., 2010) , we believe that our results are congruent with the fact that neutral faces tend to be perceived as negative by reactive aggression individuals (Best et al., 2002) . This would imply increased amygdala response to neutral stimuli that are interpreted as aversive, consistent with more easy provocation leading to negative social interactions and conflicts. This hypothesis could be tested in future studies of aggressive individuals by looking at the association between valence ratings for the face stimuli and the amplitude of the amygdala response to different facial expressions. The violent group, when compared with non-violent controls, also exhibited significant reductions in the F/N-difference in other brain areas in addition to the amygdala. These areas were the left OFC, the inferior frontal gyrus bilaterally as well as at the right superior temporal gyrus. Our results are in line with other neuroimaging studies that have found reduced activations to different kinds of affective stimuli within the brain emotional systems in violent adult subjects and in adolescents with conduct disorder. Specifically, reduced OFC cortex activations in psychopaths have been demonstrated using affective stimuli (Kiehl et al., 2001) and also in adolescent with conduct problems (Sterzer et al., 2005) viewing of pictures with neutral or strong negative affective valence (Gordon et al., 2004 ) and more specifically during fear processing in psychopath adults (Veit et al., 2002; Birbaumer et al., 2005) .
The reduction of gmC in the amygdala of our violent group and the negative correlation of this variable with reactive aggression traits in the left amygdala are consistent with previous reports focusing on reactive aggression. Negative correlations have been reported between bilateral amygdala volume and life history of aggression (Matthies et al., 2012) and between trait anger and local gray matter volume in the left amygdala (Reuter et al., 2009) in healthy subjects. A negative correlation between aggressiveness and local gray matter volume in the left amygdala has been reported for adolescents with conduct disorder (Sterzer et al., 2007) . Most studies have not found a correlation between CU traits and VBM measures of the amygdala (de OliveiraSouza et al., 2008; De Brito et al., 2009) , although in larger samples (Yang et al., 2009; Ermer et al., 2011) a negative correlation was found between the total PCL-R score [although not with the F1 subscale (Ermer et al., 2011) ]. This is in line with the lack of association of CU traits and amygdala VBM measures reported here.
Our conjunction analysis pinpointed the overlap of gmC and F/N-difference anomalies to a small subregion of the dorsal left amygdala. Furthermore, we found a significant correlation between gmC and F/N-difference in the left amygdala, mediated by BDHI and secondary LPSP scores. To our knowledge, the present study is the first to test the linkage between the structural and functional abnormalities in violent subjects. The results rule militate against a purely functional explanation, based on deficient input from other brain regions to a dysfunctionalbut structurally intactamygdala (see below for other brain areas which could fit into this scheme). This local damage could be compounded by impairment of fiber connections to this area. A recent DTI study (Craig et al., 2009) found significantly that fractional anisotropy in the uncinate fasciculus, which links the amygdala with middle OFC, was negatively correlated with the F2, antisocial facet of the PCL-R and not with F1 facet. Concordantly, deficient functional connectivity between amygdala and medial OFC has been reported in subjects with IED (Coccaro et al., 2007) . In fact due to their tight anatomical and functional connections, the anomalies described in the present study for the amygdala probably extend to other limbic and para-limbic structures implicated in violent behavior (Kiehl, 2006) . This study has several limitations that have to be considered. The sample size for the study was relatively small, and the results must be replicated in larger samples with more extreme cases of violence (i.e. IED). Moreover, with the exception of PCL-R, which is not optimal for community-based samples, personality traits were measured with self-reports. Instruments based on external informants (Vazire and Carlson, 2011) (to confirm the self-reports) would be useful on a socially sensitive topic like aggression and to counteract possible manipulation by individuals with psychopathic traits. The correlation between morphometric and functional amygdala measurements needs to be performed in more detail, at the level of its component nuclei, a strategy that has been successful in the study of psychopaths (Yang et al., 2009; Boccardi et al., 2011) . This would require a higher voxel resolution than used in our fMRI protocol. Our assessment of structural/functional linkage hinged on the outcome of the EPI and T1 image coregistration and normalization procedure. We may have underestimated the area of conjunction and the degree of correlation of these two types of measure because of residual intra-subject misalignment between the EPI and the T1 images, and residual between-subject misalignment. Furthermore, amygdala ROI definition and its subdivision into partitions were dependent on the accuracy of the normalization procedures. Also, the magnetic susceptibility artifact could have affected amygdala partitions differently, with possibly more in the ventral part. It is necessary to replicate our findings using fMRI protocols that minimize these artifacts. Given that the amygdala forms part of a larger system of limbic and paralimbic structures (Kiehl, 2006) , it is necessary to explore the linkage of structural and functional anomalies within each of these areas and also as a network in violent subjects Despite these limitations, this is the first study to verify a withinvoxel coincidence of structural and functional anomalies amygdala of individuals with high reactive aggression, specifically in its left dorsal partition. The intensity of these anomalies was correlated across subjects and specifically mediated by reactive aggression traits. Further work is needed to establish why our subjects with elevated reactive aggression had larger responses to faces with neutral, but not fearful, expressions. The results indicate that anomalies in the local circuitry of the left dorsal amygdala participate in dysfunctional reactions to social signals which in turn are related to increased reactive aggression. These anomalies are largely independent from the CU traits in psychopathy and could contribute to variations in personality in the general population, and when more severe to various forms of antisocial and violent behavior.
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